FTIR spectroscopy has been extensively used to understand the differences between normal and malignant cells and tissues. In the present study, FTIR microspectroscopy was performed on biopsies to evaluate parameters deduced from changes in nucleic acid absorbance monitored at various characteristic wavenumbers in the Mid-IR region. The data showed that there were differences in the spectra of normal and malignant tissues from several organs such as colon, cervix, skin and blood with respect to absorbance due to nucleic acids. Similar results were observed in the case of cell lines that were transformed to induce carcinogenesis. Of the several ratios examined for consistency in differentiating cancer and normal tissues, the I(996 cm -1 )/I(966 cm -1 ) showed promise as a distinguishing parameter and was comparable to the I(1121 cm -1 )/I(1020 cm -1 ) ratio reported in many earlier studies. The absorbance of nucleic acids is presented with an emphasis on the application of FTIR microspectroscopy for diagnosis of malignancy. Our results indicate that usage of nucleic acid absorbance yield statistically significant parameters, which could differentiate normal and cancerous tissues.
Introduction
The changes in the cells and tissue compositions are manifested as spectral changes in Fourier transform infrared microspectroscopy (FTIR-MSP). FTIR spectroscopy has shown promise as a diagnostic tool for distinction between normal and malignant tissues and cells (1-3) though the thickness of the tissue samples has to be less than 10 microns for IR to be practically useful for in vivo or in vitro measurements. As a routine practice in pathological laboratories, during fixation processes, the biopsies are subjected to various chemicals like formalin, xylol and hot paraffin. Thus, there maybe alteration in the chemical composition of the biopsies due to loss of sugars, short chain fatty acids and other small molecules. However the macromolecules like proteins, nucleic acids, glycogen and complex polymers are retained in the cells and tissues. The wavenumber region between 900-1200 cm -1 , has been shown to be a major indicator of carcinogenesis (4-7). Absorption in this region arises due to presence of the above macromolecules.
Among these components, the nucleic acids are vital as they are altered during cancerous conditions where cell division and growth is affected. The processes of transcription, and DNA duplication during carcinogenesis would lead to increased signals from unwound DNA. Similarly, increased signals can arise from RNA during transcription and translation in cancer cells/tissues compared to normal. This is the scientific basis of selecting absorbance of these biochemicals for analysis. Moreover, changes in nucleus to cytoplasm ratio would make it probable that more amount of nucleus in measured in a given area. Over expression of H-ras has been reported previously to affect cell size. For example, the cell volume of NIH3T3 fibroblasts decreases by 30% on transfection with H-ras oncogene (8). In the case of epithelial neoplasia, significant enhancement of nuclear volume compared to control tissues has been well documented in the literature (9, 10) .
The FTIR spectra of cells are also altered due to transfection with viruses. This is also seen in MuSV transfected murine cells lines (11) and primary rabbit bone marrow cells (12) . Similarly a preparation of lymphocytes from leukemia patients display abnormal FTIR-MSP characteristics compared to lymphocytes from healthy people (13) . As the nuclear volume is increased and nuclear cytoplasm ratio is increased, it should be possible to identify DNA signals during some stages of cancer where the nuclear density is decreased (7) . It has been hypothesized that under normal conditions, the nucleus would be opaque to the IR radiation due to the high optical density of DNA (14, 15) . Thus, they suggested that DNA signals if any would be visible from the nucleus only during the S phase of cell growth. Comparing normal and tumorigenic cell lines at the active growth phase would help to remove factors like stage of cell cycle that contribute to changes in spectral characteristics and the variations in the nucleic acid absorbance. The work of Benedetti et al. (16) has shown that it maybe possible to partly identify the contribution of nucleic acids and other macromolecules to absorbance at certain wavenumbers. These wavenumbers can be used to monitor changes in nucleic acid levels. Similarly, there are changes in absorbance due to different composition and structure of nucleic acids and between RNA and DNA (17).
In the present study a comparison is being made between the biochemical changes occurring in malignant and nonmalignant cells and tissues as manifested in FTIR-spectra. Our goal was to see whether nucleic acid biomarkers exist in FTIR-MSP. The spectra of the non-malignant tissues are compared with the corresponding malignant tissues from different sources like cervix, colon, blood (leukemia) and skin. These were examined for changes in the nucleic acid signal especially those that have common trend in variation from the different sources. Normal and transformed cell lines and primary rabbit bone marrow cells were studied as model systems to support our observations. Primary cells are similar to normal tissues in most of their characteristics. Moreover, cervical malignancies are caused by human papillomavirus (HPV) infections, thus, we use the murine sarcoma virus (MuSV) transformed NIH 3T3 cell lines for comparison. For an analogy to the carcinogenesis due to oncogene, the H-ras transformed fibroblasts were chosen as an example. All these three systems had been earlier dealt in detail by FTIR-MSP studies from this laboratory, making them good model systems (11, 12) . In case of MuSV transformation, differences in DNA absorbance were observed (11).
We attempt to monitor changes in FTIR spectra of tissues at those wavenumbers where the nucleic acids are reported to have characteristics absorbance and also where there is a possibility to differentiate between absorbance due to RNA and DNA. Such information is important for evaluating the proper biomarker for diagnosis of malignancies. The parameters for the distinction were defined as double ratios representing the nucleic acids so that the effect of normalization is nullified. The ratios were defined at specific wavenumbers where there was a literature and biochemical basis for the origin of the signal from a nucleic acid (1, 16, 17) . We used absorbance intensity ratios and not the exact quantity of the nucleic acids for the diagnostic parameters since IR absorbance is dependent not only on quantity but also on the conformation of nucleic acids (17). Finally we verified the possible source of the intensities especially at 966 cm -1 as nucleic acids by correlating the intensities versus the lipid vibrations at 1740 cm -1 , the 916 cm -1 intensity pertaining to absorbance due to nucleic acid conformation and the amide II/amide I ratio (16).
Materials and Methods

Sample Preparation
(a) Formalin-fixed, paraffin-embedded tissue from biopsies obtained with the consent of patients from the histopathology files of Soroka University Medical Center, Beer-Sheva (SUMC). The tissue samples used in this study were selected to include normal as well as cancer regions as verified by histopathological studies by expert pathologists. The method of Argov et al. (18) was followed for sample preparation. Two adjacent paraffin sections were cut from each biopsy; one was placed on zinc-selenium slide and the other on glass slide. This procedure was carefully followed to assure that the tissue sections were practically identical. The thickness of the tissue samples was 10 µm to keep the tissues thin enough for IR measurements. The first slide was deparaffinized using xylol and alcohol and was used for FT-IR measurements. The second slide was stained with hematoxylin and eosin for online parallel histology review.
(b) Balb/c 3T3 murine fibroblasts were transfected with H-ras oncogene cloned into the selectable plasmid pSV2neo (19) . The resultant clones were tumorigenic in vitro and had altered morphology. Control cell lines that were transfected with vector plasmid were not tumorigenic and showed normal morphology in vitro (20) . The details of the cell culture and transformation are reported earlier (21).
Tissue culture media, fetal calf serum (FCS), trypsin, and antibiotics were purchased from Biological Industries (Beth Haemek, Israel). Cells were grown in an incubator at 37 ºC, 95% humidity and 8% CO 2 , in DMEM supplemented with 10% fetal calf serum (FCS), glutamine (2mM), and antibiotics (penicillin 100 µg/ml, streptomycin 100 µg/ml and gentamycin 50 µg/ml).
(c) Primary rabbit cells obtained from the bone marrow of 1.5-kg rabbits were grown at 37 ºC in RPMI medium supplemented with 10% of newborn calf serum (NBCS) and the antibiotics penicillin, streptomycin. Clone 124 of TB cells chronically releasing Moloney MuSV-124 was used to prepare the appropriate virus stock. The normal rabbit bone marrow fibroblasts were designated as BM cells, and those transformed by MuSV as BMT cells. The details of these studies such as synchronization of cell lines at G1 phase by sodium butyrate treatment (22), and the monitoring by FTIR-MSP are detailed in an earlier report (12).
(d) A monolayer of NIH/3T3 cells grown in 9 cm 2 tissue culture plates was treated with 0.8 mg/ml of polybrene (a cationic polymer required for neutralizing the negative charge of the cell membrane) for 24 h before infection with the virus. Excess polybrene was then removed, and the cells were incubated at 38 ºC for 2 h with the infecting virus (MuSV-124) at various concentrations in RPMI medium containing 2% of NB. The unabsorbed virus particles were removed, fresh medium containing 2% NBCS was added, and the monolayers were incubated at 37 ºC. After 2-3 days, the cell cultures were examined for the appearance of malignant transformed cells. The cells were studied by FTIR-MSP as detailed in earlier reports (11) (e) The blood samples were collected from child leukemia patients with consent of their parents. The lymphocytes from blood of leukemia patients were separated using the method of Hudson and Poplack (23) within two hours of the collection of the blood samples from patient.
The fibroblast cells and the WBC were washed with normal saline to remove any adhering media and extraneous materials. They were then placed on Zinc Selenium slides and allowed to dry for several hours in a laminar airflow chamber to remove any extra water. These air-dried samples were used for microscopy. In parallel, normal HE staining was done for these cell lines to morphologically assess their condition as normal or transformed.
FTIR Microspectroscopy
Measurements on biopsies, cells or lymphocytes were performed using the FTIR microscope IRscope II with a liquid nitrogen cooled mercury-cadmium-telluride (MCT) detector, coupled to the FTIR spectrometer (Bruker Equinox model 55/S, OPUS software). To achieve high signal to noise ratio (SNR) 128 or 256 co-added scans were collected in each measurement in the wavenumber region 600 to 4000 cm -1 . The measurement site was circular with a diameter of 100 microns. (This area was found earlier to contain about 100 cells or enough portion of a biopsy for analysis by FTIR-MSP (18)). For each sample, at least five measurements were made at different sites. The obtained spectra were baseline corrected in the region 600-1800 cm -1 using the rubber band correction method with 64 consecutive points in the OPUS software. The spectra were normalized to the amide I absorbance peak. The normalized spectra were averaged and the deduced spectra were used for subsequent calculations and analyzes. Normalization to amide II or use of vector normalization for the entire spectra did not significantly alter the results. Since the ratios are sensitive to baseline correction the same procedure was adopted systematically for all samples and all spectral analysis. The average values obtained from each individual patient were treated as a single record for the statistical analysis. Thus, for colon cancer, there were 51 patients (51 observables for 't' test) and at least 255 normalized spectra. For cell lines, different sets of experiments were performed for consistency. The average value obtained in each experiment was considered as a single observed value for the statistical analysis. The 't' test was performed on the complete data set using the ORIGIN software with a required probability value of 0.05 as the significant test limit.
Results and Analysis
Absorbance of infrared in the region 900-1800 cm -1 occurs due to the presence of carbohydrates, nucleic acids, lipids and proteins. Of these the carbohydrates, phosphates and nucleic acids predominantly absorb in the 900-1300 cm -1 region (1). Thus, the variation in nucleic acid signals can be influenced by changes in glycogen and phosphate levels which have overlapping absorbance with the nucleic acids in the region 900-1185 cm -1 . Glycogen is a prominent metabolite in cervical cells and its variation (decrease during cancer) is perhaps one of the reasons for the appearance of the nucleic acid signals especially the prominence of the 996 cm -1 peak.
Typical FTIR-MSP spectra of normal and cancerous cervical tissues in the region 800-1800 cm -1 are presented in Figure  1a . The peak at 966 cm -1 becomes more prominent in case of transfected cell lines. A local increase in FTIR-MSP spectra from WBC of ALL patients of both B cell and T cell type was observed when the 966 cm -1 peak was considered. The peak at 966 cm -1 disappeared as the chemotherapy was administered in the children (data not shown) (13). The observation was linked to the decrease in blast cells as verified by other methods such as fluorescence activated cell sorter (FACS) and cytogenetic studies. The spectra of normal bone marrow primary cells and murine sarcoma virus (MuSV) transfected bone marrow from rabbit are presented in Figure 1b . There is a decrease in the intensity at the various wavenumbers in case of the above sources due to malignancy indicating altered levels of the metabolites when normalized with respect to the amide I band.
Glycogen is a prominent metabolite present in cervical tissues, which is indicated by the triplet at ∼1020 cm -1 , ∼1080 cm -1 and ∼1153 cm -1 ( Fig. 2a(i) ). In case of colonic tissue these peaks are present but not so prominent compared to the phosphate symmetric vibration peak at 1085 cm -1 . Colonic crypts are known to secret glycoproteins and hence the signals analogous to glycogen can be seen in the FTIR spectra of these tissues. Similarly, the peak at 966 cm -1 is distinct in case of both normal and cancerous colonic tissues while it occurs as a shoulder in the case of normal cervical tissue where the glycogen is predominant. Thus, the presence of glycogen influences the spectral pattern. The nucleic acids have peak absorbance at various wavenumbers due to different types of vibrations. To study which of these absorbance peaks can possibly be used as markers, the second derivative spectra of the above two tissues was studied. It is seen from the second derivative spectra (Fig. 2b) that the signal at 996 cm -1 becomes less prominent in cancer and the signal at 966 cm -1 becomes more prominent. Thus these two signals appear to vary in different directions. However, the absorbance peaks at 1020, 1121, 1230 and 1244 cm -1 that corresponds to the symmetric and antisymmetric vibrations of the phosphates from nucleic acids (16, 17) decrease or remain unaltered in case of cancer. Therefore, the relative magnitude (RNA/DNA) is affected as discussed later and may provide important cellular constituent prove to be an important marker. Figures 3a, 3b , and 3c displays the variation in the intensity ratio of absorbance from the nucleic acids calculated in the different regions for normal and cancerous colonic tissues from 51 different patients. It is seen that the I(996 cm -1 )/I(966 cm -1 ) values are always less in case of the cancerous tissues whereas the I(1121 cm -1 )/I(1020 cm -1 ) values are always higher in case of cancer. These two parameters had a consistent trend for distinguishing between normal and cancer tissues. The parameter I(1244 cm -1 )/I(1230 cm -1 ) which also possibly indicates RNA/DNA ratio was not uniform as this region of the spectra is markedly influenced by absorbance from other metabolites and thus, it is not a very clear parame- ter in case of colon cancer. Further analysis of these three parameters was done using paired 't' tests for comparison to see which of these was best suited for distinction of pathological states from normal conditions. Table I presents the 't' values for the above three ratios. It can be seen that the I(996 cm -1 )/I(966 cm -1 ) is the best parameter yielding the highest 't' value. In addition this parameter is also a better indicator of the degree of neoplasia and not only cancer. Figure 4 depicts the intensity ratio of three different cell lines. The I(996 cm -1 ) parameter indicates the increase in levels of RNA measured as increase in signals due to uracil (16). It is seen that there is a clearer trend when the RNA levels at 996 cm -1 are considered rather than at 1121 cm -1 . The results of the analysis of these parameters as indicators of normal and malignancy are summarized in Tables I-III . The ratio I(1121 cm -1 )/I(1020 cm -1 ) was found to be an effective parameter compared to the other two in case of cervical cancer (Table  II) . However the ratio I(996 cm -1 )/I(966 cm -1 ) can also distinguish between the polyp and cancer in case of colonic tissues (Table I) , which is important for diagnosis. It is seen that though the I(1121 cm -1 )/I(1020 cm -1 ) is quite efficient in distinction of normal and cancer in case of cervical and colonic tissues, the I(996 cm -1 )/I(966 cm -1 ) is statistically a better parameter for such distinction. However the I(996 cm -1 )/I(966 cm -1 ) parameters is not suitable for distinction of melanoma from the surrounding normal epidermis while I(1244 cm -1 )/I(1230 cm -1 ) ratio is a more suitable for this type of malignancy (Table III) . Thus, it seems that though the variation in nucleic acids can be an indicator of malignancy, it has to be evaluated individually for different cancers for better efficiency, though the ratio at I(1121 cm -1 )/I(1020 cm -1 ) is more universal in its character.
Nucleic Acid Absorbance in FTIR and Malignancy 633
The simultaneous utilization of two such parameters derived from nucleic acids was examined using the cervical cancer samples with and without koilocytosis as an example. Figure 5a depicts the distribution pattern of the cervical samples. It was observed that the cancerous tissues were closely clustered and no significant difference was seen between normal (open circles) and koilocytosis (closed circles) samples. This indicated that the final biochemistry of cancerous tissues was similar irrespective of the involvement of human papilloma virus (HPV) indicated by koilocytosis or its absence. The data also shows that it is possible to use these parameters from nucleic acids to differentiate normal and can- cer with a high efficiency. Similarly, in case of melanoma and epidermis both parameters (I(1121 cm -1 )/I(1020 cm -1 ) and I(1244 cm -1 )/I(1230 cm -1 ) were significant and separated the two groups as seen in Figure 5b .
There is a possibility that the signals at ∼966 cm -1 are due to the presence of lipids in the cells which also have an absorbance at 970 cm -1 originating from the carbonyl ester stretching vibrations (24). To examine this possibility and show that the sources of this absorbance are nucleic acids, the intensity at 966 cm -1 was plotted against the intensities at 1737 cm -1 for lipids (25) and the ratio of amide II/amide I for nucleic acids (16). Figure 6 shows that the intensities at 966 cm -1 is linearly scaled with the amide II/amide I ratio as well as the 916 cm -1 intensity corresponding to the absorbance due to conformation of nucleic acids (16). However, the 966 cm -1 show no correlation with the 1737 cm -1 (Fig. 6a ). This observation further confirms that the absorbance at 966 cm -1 arises predominantly due to nucleic acids and not esters. Similar results were also obtained in data from with other cells/biopsies (data not shown).
Discussions
Spectroscopic methods based on Raman scattering, fluorescence and light scattering have been found to give encouraging results for diagnosis of cancer in tissues (26-30) Utilization of FTIR spectroscopy for distinction of normal and malignant tissues has been gaining importance in the last few years (2, 3). Various regions in the mid IR have been shown to exhibit diagnostic features in such studies. There has been considerable foresight on the utility of such studies for the development of instruments for in vivo diagnosis of cancer though at present there is the hurdle of interference of water from tissues. In the present work we try to use the information for a more basic purpose like screening of the large number of biopsies using FTIR-MSP.
The common underlying effects of malignancy are changes in the nuclear components which lead to altered metabolism and biochemical composition in the malignant tissues. These changes would leave a signature in the FTIR spectra that is characteristic to nucleic acids. However, there are inherent problems associated with utilization of the data for ex vivo applications since the absorbance in the IR region is a consequence of overlapping contribution of several components (31). Thus, the absorbance of nucleic acids is also markedly influenced by the presence or absence of other biological components. In the present study we undertake selective regions and identify parameters based on nucleic acids that are useful for rapid screening of pathological samples obtained for detection of malignancy of various tissues. We use the cell lines as analogous system to interpret these changes, since these cell lines are not subjected to fixation procedure thus providing a good control for this study.
Since the absorbance is dependent on the concentration of various metabolites, alteration of any/all of the metabolites with respect to each other would manifest themselves as changes in the spectra. Moreover, the ratio of nucleus to cytoplasm is increased in case of neoplasia/transformed cell lines, which leads to decreased amount of various cytoplasmic components and hence an overall decreased absorbance. These are perhaps the reason for the decreased intensity in the entire region between 900-1800 cm -1 of transformed rabbit bone marrow primary cells and in the cancerous tissues ( Fig. 1a,b ). The presence of the peak at 966 cm -1 in the case of cell lines under normal conditions may be due to the fact that though we consider these cell lines as normal, they are in continuous culture and in active dividing phase. In other words these normal cell lines are not actually normal with respect to cell growth cycle and death. However, we compare the transformed cells with a control group at same time scale. It is interesting to note that the nucleic acid ratio as calculated by I(996 cm -1 )/I(966 cm -1 ) was always less in case of the transformed cell lines compared to the normal (Fig. 4) indicating that it is better to use the ratio rather than the absorbance intensity at 966 cm -1 as indicator of abnormality. The 996 cm -1 band corresponds to the signals from uracil (16, 17) which is present only in the RNA. Other ratios take into consideration the phosphate vibrations. Thus, a change in relative proportion of uracil in the RNA is indicated by the alteration in the above ratio. It is expected that this ratio behave differently compared to the other nucleic acid ratios as actually seen in Figure 3 and 4. The overlapping absorbance of several macromolecules makes it difficult to pinpoint the change in levels of any single component during such alterations. However several methods have been suggested to circumvent this problem like principal component analysis (6), artificial neural networks (ANN) (18) to detect the levels of biochemical that are diagnostic for cancer or cell metabolism.
It is known that the DNA signals are affected by cell cycle (15, 32) . We therefore compared non-tumorigenic and tumorigenic cells lines to account for the differences in DNA signals arising due to the effect of cell division and the transformation into tumorigenic form. During the tissue processing in pathology laboratories, several smaller molecules may be lost while the RNA and DNA are still intact. It has been reported that the cytoplasmic RNA plays a pivotal role in neoplastic samples and can contribute significantly to the overall nucleic acid signal in normal and abnormal samples (33, 34) . However, the decrease in cytoplasm and increased nuclear volume would also increase the DNA signals compared to the RNA signals. Thus, it is expected that the RNA/DNA ratio would be affected during carcinogenesis.
In the present work we undertake the study of nucleic acid parameters in various formalin fixed tissues. The region between 900-1200 cm -1 has been shown to be promising for diagnostics (6) . It was suggested that the absorbance in the phosphate region could be a possible parameter for such distinction (1). Absorbance in this region is due to the overlapping absorbance from different types of molecules making it difficult to precisely monitor changes in any single group of molecules. We therefore used the statistical tests on the nucleic acid parameters as an example to identify the best possible combination for utilization in screening of biopsies on an objective basis using FTIR spectroscopy. The results indicate that though the intensity between 900-1000 cm -1 is less compared to that between 1000-1200 cm -1 , the parameter I(996cm -1 )/I(966cm -1 ) is statistically more suitable for differentiation of normal and malignant and also premalignant tissues in case of colon cancer. As reported earlier (16) the RNA signal has a local maximum at 996 cm -1 where the DNA has a minimum. Similarly at 966 cm -1 , the DNA has a maximum and the RNA is small and may not be significantly affected by DNA levels. The other possible reason for effectiveness of the I(996cm -1 )/I(966cm -1 ) ratio in colon cancer is due to less interference from phosphate and glycogen (that are present in large quantities in a cervical cells or tissue). Thus the parameter I(996cm -1 )/I(966cm -1 ) is more specific because of the clear-cut vibration differences between RNA and DNA (16). In the case of I(1244 cm -1 )/I(1230 cm -1 ), there could be mixing of signals from both DNA and RNA since these wavenumbers are closely spaced (17). However surprisingly the ratio is not very effective in case of melanoma and normal epidermis, and similarly for distinction of fibroblast transformed by H-ras as seen from Table III . In these cases the I(1121 cm -1 )/I(1020 cm -1 ) ratio is more suitable whereas the I(1244 cm -1 )/I(1230 cm -1 ) has a higher efficiency in case of the transformed H-ras cells and melanoma as seen from the P values.
The variations of the nucleic acids in formalin fixed tissues is effectively mimicked by the cell lines indicating that the fixation process does not significantly alter the nucleic acid signals. This indicates that nucleic acid signals should not grossly vary between ex vivo and in vivo study of samples. These observations encourage us to look for signals corresponding to nucleic acids during FTIR based diagnosis of diseases.
Image reassembling techniques have been successfully shown to form contrasting images of normal and malignant tissues of skin and cancer (35). Such techniques rely on univariate or multivariate parameters that are altered between normal and cancerous tissues and have shown success in distinguishing the normal and cancer. In the present work for the first time we show the efficiency of these parameters not only in distinguishing between normal and cancer but also between premalignant and the malignant stages such as between normal, polyps and cancer in case of colon. Similarly in cervical cancer, the data shows differences between normal and cancerous tissues using the absorbance of nucleic acids (Fig. 5a ) in a bivariate analysis. Earlier, the wavenumber 972 cm -1 corresponding to the DNA signal has also been reported to differentiate between cervical intraepithelial neoplasia III (CIN III) and normal cervicovaginal lavage specimen (36). We also verified the nucleic acid origin of the absorbance at 966 cm -1 (rather than lipids) by showing its relation with the amide II/amide I ratio. Moreover, most of our cell lines and tissues (both cancer and normal) are in growing condition. These lipid vibrations (especially around 1743 cm -1 ) have been prominently reported in dying cells (32), which correspond to some esters that are produced during cell death. Thus, our observations are predominantly on the absorbance of nucleic acids though we do not completely rule out some small interference from other sources. The signals at 1737 cm -1 reported by Lasch et al. (25) was in liver tissues, where metabolism of fatty acids and bilirubin takes place, indicating the possibility that some amount of fatty acids would have been present in all fractions while in our cases, especially in cell lines we do not visualize such a large change in fatty acids due to carcinogenesis as manifested at ∼1737 cm -1 .
Thus, in spite of the efficiency of multivariate analysis in pseudoimaging of tissues, it may become important to use such unique parameters to additionally provide information regarding malignancy. This would help to identify which wavenumbers (biochemicals) could be more potential indicators of such variations between normal and cancer tissues and thus, understand the biochemical basis for the differentiation. In such instances we propose the utilization of ratios like I(996 cm -1 )/I(966 cm -1 ) which can shed some light on the possible pathway or disease progression in addition to distinguishing between the types of pathological tissues.
In summary, we propose the utilization of the nucleic acid absorbance as parameters for distinction of normal and cancer tissues during screening by FTIR-MSP methods. This ratio has to be defined at different wavenumbers for evaluation depending on the source of the tissue. For example, specific wavenumbers have shown to be effective markers in such distinction of normal and neoplastic gastric tissues (37).
